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Abstract 



The invention relates to method of producing magnetic sensors based on ballistic 
magnetoresistance using pinhole multilayer systems- The multilayers used can take the form of a 
combination of layers of materials having different conductive and magnetic properties. The 
pinholes employed for constriction purposes can be integrated into the multilayer system or : ; 
incorporated later using different methods. The invention is characterised in that nanometric-sized 
electric contacts are produced between nanometric-sized systems: thin magnetic layers and 
clusters. According to the invention, BMRS sensors are provided with the necessary stability and 
stiffness for use in devices. Moreover, said invention can be used to produce sensors having a 
resistance and sensitivity desired in accordance with the application thereof; "I 
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(57) Abstract: The invention relates to method of producing magnetic sensors based on ballistic magnetoresistance using pinhole 
multilayer systems. The multilayers used can take the form of a combination of layers of materials having different conductive and 
magnetic properties. The pinholes employed for constriction purposes can be integrated into the multilayer system or incorporated 
later using different methods. The invention is characterised in that nanometric-sized electric contacts are produced between nano- 
metric-sized systems: thin magnetic layers and clusters. According to the invention, BMRS sensors are provided with the necessary 
stability and stiffness for use in devices. Moreover, said invention can be used lo produce sensors having a resistance and sensitivity 
desired in accordance with the application thereof. 
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(57) Res u men: Se propone una configuration para la construction de sensores magneticos basados en la magnetorresistencia balis- 
tica basada en el uso de sistemas de multicapas y defectos (pinholes). Las multicapas utilizadas puede ser una combination de capas 
de materiales con distintas propiedades conductoras asf como magn&icas. Los pinholes utilizados como constriction pueden ser 
intrinsecos al sistema de multicapas o pueden ser inducidos a posteriori mediante diversos m£todos. El resultado importante es que 
serealizan contactos electricos de tamano nanom&rico entre sistemas de tamano nanomStrico: clusters (agregados) y capas delgadas 
magn&icas.Esta configurati6n proportiona a los sensores BMRS la estabilidad y rigidez necesaria para su uso en dispositivos, asf 
como la posibilidad de obtener una resistentia y sensibilidad deseada en funri6n de la aplicati6n a la que 6stos sean destinados. 
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SENSOR MAGNETICO BASADO EN MAGNETORESISTENCIA BALISTICA 
MEDIANTE MULTICAPAS Y PINHOLES 



OBJETO DE LA INVENCI6N 

5 La presente invenci6n describe un metodo para crear contactos electricos 

de tamafio nanometrico estables y que presentan un alto valor de la 
magnetoresistencia (variacidn de la resistencia al paso de una corriente electrica 
que presenta un conductor electrico ante la aplicaci6n de un campo magnetico 
extemo) ante campos magneticos de baja intensidad. 

10 

ANTECEDENTES DE LA INVENCION 

La necesidad de sensores de campo magnetico de mayor sensibilidad, 
resolucion y de mayor velocidad de respuesta ha dado lugar a un gran interes, 
cientifico y tecnologico, por sistemas que cambian el valor de su resistencia 

1 5 electrica ante la presencia de campos magneticos externos. 

Existe una gran variedad de sistemas que presentan dicho efecto 
magnetoresistivo, y con un amplio espectro en los valores de respuesta. 

Un gran avance en el desarrdllo de sensores de campo magnetico 
basados en la magnetoresistencia viene dado por el descubrimiento de la 

20 Magnetoresistencia Balistica (N. Garcia, M. Munoz and Y.-W. Zhao. 
Magnetoresistance in excess of 200% in Ballistic Ni Nanocontacts at 
Room Temperature and 100 Oe. "Physical Review Letters?', Volume 82, 
number 14 pag 2923 (1999); SENSOR MAGNETICO PRODUCIDO POR UNA 
CONSTRICCION. Solicitud de Patente Espanola P9802091. Solicitud 

25 intemacional WO 00/22448.). Dichos sistemas presentan valores de la 
magnetoresistencia de hasta un 300% a temperatura ambiente y campos 
magneticos de 100 Oe. El tinico inconveniente de estos sistemas es la 
inestabilidad mecanica que presentan lo que los hace operativos a lo mas 
durante algunos minutos. 

30 El problema de la estabilidad se mejoro mediante la produccion de los 

nanocontactos mediante electroquimica (N. Garcia, H. Rohrer, I. G. Sav li v 
and Y.-W. Zhao. Negative and Positive Magnetoresistanc Manipulation in 
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an Electr d posit d Nanometer Ni C ntact. "Physical Revi w L tters", 
Volume 85, number 14 pag 3053 (2000); Manipulation de la 
magnetoresistencia mediante la aplicacion de pulsos de corriente y 
campo magnetico extemo. Solicitud de patente espanola P200000411.) 

5 Estos contactos son estables durante dias, pero aun asi estan lejos de la 
estabilidad deseada en un dispositivo. 

En la presente invention se presenta un mStodo mediante el cual es 
posible la fabrication de contactos electricos de tamano nanometrico, estables 
y con gran respuesta magnetoresistrva. 

10 

DESCRIPCION DE LA INVENCION 

Los sistemas magnetoresistivos basados en la magnetoresistentia 
balfstica (BMRS) anteriormente citados constan fundamentalmente de dos 
reservoirs magneticos unidos por un contacto etectrico de tamano nanometrico 
1 5 (fig. 1), de ser de dimensiones menores o similares a la de la longitud de onda del 
electron. 

Esta invencidn describe un sistema en el que es posible realizar dicho 
contacto entre dos reservoirs magneticos que cumple los requisites de tamano y 
estabilidad deseada 

20 Se propone el uso de multicapas conductoras (a en fig. 2), recubiertas por 

una capa de material no conductor o aislante(b en fig. 2). El grosor de esta capa 
puede ser de unas dimensiones similares o menores a la longitud de onda del 
electron. Dicha capa aislante tiene defectos (pinholes) en el sentido de que en 
determinado punto (c en fig. 2) (o puntos) dicha capa es conductora. Estos 

25 defectos pueden ser intrinsecos a la forma de preparacion de la capa aislante o 
pueden ser inducidos a posteriori. 

Sobre este defecto se deposita (mediante evaporation de metal o 
electroquimicamente, por citar algunos de los posibles metodos) material 
conductor (d), de manera que es posible el hacer circular una corriente electrica 

30 entre las capas conductoras y este material depositado a trav§s del defecto de la 
capa aislante. Las dimensiones del defecto de la capa aislante vienen 
determinado por las condidones en las que se quiera utilizar el dispositivo, o por 
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la resistencia electrica que este haya de tener, pero en general se puede dear 
que han de ser tales que la conduction entre las multicapas y el material 
depositado sobre dicho defecto ha de ser balfstica 

Esta configuration tiene todos los elementos requeridos por un sensor 
5 BMRS (los dos reservoirs y la constriccidn) y proportiona una rigidez tal que el 
sistema es indefinidamente estable y por lo tanto se puede aplicar en cualquier 
tipo de dispositivo. 

PESCRiPClON DE LAS FIGURAS 

10 Figura 1: Se muestra la configuration mas sencilla asi como fos 

elementos necesarios de un sensor BMRS (sensor magn6tico basado en la 
magnetorresistentia balfstica). Estos elementos son dos reservoir magneticos 
(Rm) unidos por una constriction (C ) que puede ser magnetica o no y de 
propiedades conductoras a determinar en funcion de la aplicacion. 

15 Figura 2: Esquema del sistema propuesto en la presente invenci6n. En 

(a) se representan las multicapas que puede ser una unica capa o varias de 
ellas* En caso de ser varias de ellas pueden ser conductoras, aislantes o 
semiconductoras o una combination de ellas. Asf mismo se puede combinar 
las propiedades magneticas de estas capas utilizando capas de materiales 

20 magneticos blandos, materiales magn&icos duros o materiales no magneticos. 
Mediante (b) se representa la capa que en principio se propone aislante pero 
podria utilizarse materiales semiconductores e incluso conductores. El defecto 
en esta capa viene representado por (c) y el material depositado a posteriori 
mediante (d). 

25 Figura 3: Imagen obtenida mediante Microscopio Electronico de Barrido 

(SEM) del cluster (agregado) de material magnetic© depositado, mediante 
m6todos electroquimicos, sobre la capa aislante en las muestras utilizadas 
para demostrar la viabilidad de la presente invention. 

Figura 4: Resultados de las medidas realizadas en el Laboratorio de 

30 Ffsica de Sistemas Pequenos y Nanotecnologfa en los que se pone de 
manifiesto la dependencia de la resistencia electrica del sistema aquf descrito 
en funcion del campo magnetic© aplicado. 
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EJEMPLO DE REAUZACjON 

En el Laboratorio de Fisica de Sistemas Pequenos y Nanotecnologfa del 
Consejo Superior de Investigaciones Cienttficas se han realizado los 
experimentos previos que confirman la viabilidad del sistema anteriormente 
5 descrito. 

Las muestras utilizadas constan de un sistema de multicapas a 
continuation descrito: un substrata de silicio de forma que proportions rigidez a 
la muestra; una capa de oxido termico de silicio que afsla electricamente el 
substrata de silicio de las siguientes capas conductoras; una combination de 
10 capas de materiales conductores magneticos y no magneticos, estas capas 
hacen que la resistencia electrica de esta combination de capas sea 
considerablemente menor que la resistencia del pinhole asf como ayudan a 
determinar la magnetizaci6n de la capa inmediatamente anterior a la capa de 
oxido; finalmente una capa de niquel. 

15 Sobre esta ultima capa de niquel se deposita una capa de aluminio. Se 

ha experimentado con distintos grosores de aluminio, variando desde unas 
d6cimas de nan6metros hasta varios nanometros. 

Todas las anteriores capas se depositan sobre el oxido de silicio en un 
sistema de ultra alto vatio lo que hace que estas sean de gran pureza qui mica. 
20 Asf mismo la orientation de la superficie del silicio y por tanto del oxido de 
silicio, es tal que las capas depositadas se pueden considerar perfectamente 
planas hasta niveles atomicos. 

Una vez depositadas todas las capas anteriormente citadas se han 
seguido dos metodos para transformar la capa de aluminio en oxido de 
25 aluminio. La primera es inyectar oxigeno en el sistema de ultra alto vacio, lo 
que permite controlar el nivel de oxidation del aluminio. Y la segunda, mas 
rudimentaria pero igualmente funcional, es dejar el sistema expuesto al oxigeno 
atmosferico. 

El siguiente punto es indutir los pinholes en la capa de oxido de 
30 aluminio. Para ello se sumerge la muestra en un electrolito, habitualmente una 
disolucion de sulfate de nfquel. Se aplica un voltaje entre las capas 
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conductoras y un electrodo sumergido en la disolucion. De esta forma, si los 
defectos existen en la capa de oxido de aluminio, los iones de niquel migran a 
los lugares que ocupan dichos defectos y se produce una e!ectrodeposici6n de 
niquel en esos lugares. Se suele limitar la superficie del oxido de aluminio 
5 expuesta al electrolito de manera que es posible controlar el numero de 
defectos (habitualmente uno). 

Si dichos defectos no existen se pueden inducir aplicando un voltaje un 
poco mayor de forma que se produzca una ruptura electrica permanente. Se 
repite nuevamente el proceso anteriormente descrito y se deposita el niquel. 

1 0 En ocasiones despues de la deposition de niquel se cambia el electrolito 

por una disolucidn de sulfato de cobre para depositar ahora cobre sobre el 
niquel lo que previene de la oxidation de este ultimo. 

En la figura 4 se puede apreciar los resultados de los experimentos 
realizados en el laboratorio anteriormente mencionado. En la figura (a) se 
15 aprecia como existe una relajaci6n de la resistencia electrica de ia muestra asi 
como una dependencia con el campo magnetico aplicado. En la figura (b) se 
muestra la dependencia con el campo magnetico tras normalizar los datos de la 
figura (a). 



20 
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REIVINDICACIONES 

1 .. Se propone un m6todo para realizar sensores magnetoresistivos basados en 
la magnetorresistencia balistica caracterizado por el uso de multicapas 
5 conductoras e!6ctricas y magneticas recubiertas por una capa de material 
aislante con defectos intnnsecos sobre los que se deposita material conductor 
magnetico. 

2. Se propone un sensor basado en la revindication 1 de aplicacion en cabezas 
10 de lectura-escritura en sistemas de almacenamiento magnetico 

3. Un metodo basado en la reivindicacion 1 en el que las multicapas as una 
combination de capas conductoras no magneticas, conductoras magneticas, 
aislantes magneticas, aislantes no magneticas, semiconductoras magneticas 

15 o no magneticas, o una combination de todas las anteriores. 

4. Un metodo basado en las reivindicaciones 1 y 3 en la que la capa de material 
aislante tiene defectos intnnsecos o inducidos. 

20 5. Un m&odo basado en las reivindicaciones 1, 3 y 4 en el que la capa de 
material aislante se sustituye por un material semiconductor. 

6. Un metodo basado en las reiyindicaciones 1 , y reivindicaciones de 3 a 5 en el 
que los defectos en el semiconductor se inducen mediante la variaci6n de la 

25 concentration del material dopante en el semiconductor. 

7. Un metodo basado en las reivindicaciones 1 y reivindicaciones 3 a 6 en el que 
el material depositado es conductor, aislante, semiconductor, o una 
combination de estos. 

30 
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8. Un metodo basado en las reivindicaciones 1 y reivindicaciones 3 a 7 en el que 
el material depositado es magnetico o no magnetico o una combination de los 
anteriores. 

5 9. Un metodo basado en la reivindicaci6n 1 y reivindicaciones 1 a 8 en el que el 
material depositado se deposita por metodos electroquimicos. 

10. Un metodo basado en la reivindicacion 1 y reivindicaciones 3 a 8 en el que el 
material depositado es una particula o conglomerado de particular 

10 magneticas o no magneticas, conductoras, aislantes o semiconductors o una 
combination de las anteriores. 

11. Un metodo basado en la reivindicacion 1 y reivindicaciones 3 a 10 en el que el 
material depositado se deposita mediante tecnicas de evaporation de 

15 metales. 
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Figura 4 
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Machine Translation of WO 02/095434 

SENSOR BASED MAGNETIC IN MAGNETORE S I STENC I A BALLISTICS [BY MEANS 
OF] [MULTICAPAS] AND PINHOLES OBJECT OF THE INVENTION 

The present invention describes a method to create electric 
contacts of size stable nanometrico and that they present a high 
value of the magnetoresistencia (variation of the resistance to 
the step of one electric current that an electric driver presents 
before the application of a magnetic field external) before 
magnetic fields of low intensity. 

ANTECEDENTS OF THE INVENTION 

The necessity of sensors of magnetic field of bigger 
sensibility, resolution and of more answer speed he/she has given 
place to a great one [Interest,] [Scientific] and 

[Technological,] for systems that change the value of their 
electric resistance before the presence of magnetic fields 

[EXTERNAL.] 

A great variety of systems that you/they present this effect 
magnetoresistivo , exists and with a wide one spectrum in the 
answer values. 

A great advance in the development of sensors of magnetic field 
based on the magnetoresistencia he/she comes given by the 
discovery of the [MAGNETORESISTENCIA] Ballistics (N. GARCIA, M. 
MUNOZ AND [Y. -W.] ZHAO. 

Magnetoresistance in excess of 200% in Ballistic Neither 
Nanocontacts at Room Temperature and 100 [OE. PHYSICAL] REVIEW 
LETTERS", VOLUME 82, NUMBER 14 PAG 2923 (1999); SENSOR PRODUCED 
MAGNETIC FOR A [CONSTRICTION.] Application of Spanish Patent 
[P9802091.] international Application WO 00/22448.). This systems 
present values of the magnetoresistencia of until a [300%] to 
[TEMPERATURE] it sets and magnetic fields of 100 Oe . The only 
inconvenience of these systems is the mechanical uncertainty that 
you/they present the that he/she makes them operative to him but 
during [SOME] minutes. 

The problem of the stability you improves by means of the 
[Production] of the nanocontactos by means of electrochemistry 
(N. [GARCiA,] H. Rohrer, [1.] G. [SAVELIEV] and [Y. -W.J ZHAO. 
Negative and Positive Magnetoresistance Manipulation in an 
Electrodeposited NANOMETER [NEITHER CONTACT. PHYSICAL REVIEW 
LETTERS",] VOLUME 85, NUMBER 14 pag 3053 [(2000); MANIPULATION] 
of the magnetoresistencia by means of the application of current 
pulses and external magnetic field. Application of Spanish patent 
[P20000041 1 . ) ] These contacts are stable during [Days,] but even 
so they are far of the [STABILITY] wanted in a device. 

In the present invention a method is presented by means of [THE 
ONE WHICH] it is possible the production of contacts [Electric] 
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of size nanometrico, stable and with great answer 
magnetoresistiva . 

[DESCRIPTION] OF THE INVENTION 

The systems magnetoresistivos based on the ballistic 
magnetoresistencia (BMRS) previously [MENTIONED] they consist 
fundamentally of two magnetic reservoirs united by an electric 
contact of size nanometrico (fig. H),] of smaller or more 
similar being of dimensions to that of the wave longitude of 
[Electron. ] 

This invention describes a system in the what an one it is 
possible to carry out this contact between two reservoirs 
magnetic that [it COMPLETES THE REQUIREMENTS] of size and wanted 
stability. 

He/she intends the use of multicapas drivers (to in fig. 2) , not 
recovered by a material layer driver or insulating (b in fig. 2) . 
The grosor of this layer can be of some similar dimensions or 
smaller to the longitude of wave of the electron. This insulating 
layer has defects (pinholes) in the one sense that in certain 
point © in fig. 2) (or points) this layer is a driver. These 
defects can be [Intrinsic] to the form of preparation of the 
insulating layer or they can to be induced to posteriori. 

On this defect it is deposited (by means of metal evaporation or 
[ELECTROQUiMICAMENTE , ] to mention some of the possible methods) 
conductive material (d) , so that it is possible [MAKING 
CIRCULATE] an electric current among those you castrate drivers 
and this material deposited through defect of the insulating 
layer. Those dimensions of defect of the insulating layer come 
determined by the conditions in those that you want to use the 
device, or for the electric resistance that this he/she must 
have, but in general you he/she can [to SAY] that must be such 
that the conduction between the multicapas and the material 
deposited on this defect it must be ballistic. 

This configuration has all the elements required by a sensor BMRS 
(the two reservoirs and the constriction) and [it PROVIDES] a 
such rigidity that the system is indefinitely stable and 
therefore one can [to APPLY] in any device type. 

[DESCRIPTION] OF THE FIGURES 

Figure 1 : the simplest configuration is shown this way as 
those [NECESSARY ELEMENTS] of a sensor BMRS (magnetic sensor 
based on the ballistic magnetorresistencia) . These [ELEMENTS] 
they are two magnetic reservoir (RM) united for a [Constriction] 

(C) that can be magnetic or not and of properties drivers to to 
determine in function of [THE Application.] 

It figures 2: system Outline proposed in the present invention. 
In [ (TO) ] those are represented [MULTICAPAS] that can be an only 



2 



layer or several of them. In the event of being several of them 
they can be drivers, ailantes or semiconductoras /or a combination 
of them. [This way] same you it can combine the magnetic 
properties of these layers [USING] you castrate of soft magnetic 
materials, hard magnetic materials or non magnetic materials. 

By means of (b) the layer is represented that in [I BEGIN] he/she 
intends insulating but [It would rot] to be used material 
semiconductors and [EVEN] drivers. The defect in this layer comes 
represented for (c) and the material deposited to posteriori by 
means of (d) . 

It figures 3: [IMAGE] obtained by means of Electronic Microscope 
of Sweeping (SEM) of the cluster (attache) of deposited magnetic 
material, by means of methods [ELECTROQUiMiCOS, ] on the 
insulating layer in the samples [USED] to demonstrate the 
[VIABILITY] of the present invention. 

It figures 4: Results of the measures carried out in the 
Laboratory of [Physics] of Systems Small and Nanotecnologi a in 
those that he/she shows the dependence of the resistance electric 
of the system here described in function of the applied magnetic 
field. 

EXAMPLE OF REALIZATION In the Laboratory of Physics of Small 
Systems and [NANOTECNOLOGiA] of Superior Council of 
[INVESTIGATIONS] Scientific they are had [CARRIED OUT] the 
previous experiments that confirm the viability of the system 
previously described. 

The used samples consist next of a multicapas system described: a 
substratum of silicon so that it provides rigidity to the sample 
[; A] it castrates of I oxidize thermal of [SILICON] that aisla 
[Electrically THE] substratum of silicon of the following layers 
drivers; a combination of layers of magnetic and not magnetic 
conductive materials, these layers make that the electric 
resistance of this combination of layers is [CONSIDERABLY] 
smaller than the resistance of the [PINHOLE] as well as they help 
to to determine the [ MAGNET I Z ACI 6N ] of the layer immediately 
previous to the oxide layer; finally a nickel layer. 

On this it finishes layer of [Nickel] an aluminum layer is 
deposited. It has been experienced with different aluminum 
grosores, varying from some tenth of [NANoMETROS] until several 
[NANoMETROS. ] 

All the previous layers are deposited on [THE oxide] of [SILICON] 
in a system of ultra high hole that makes that these are of great 
purity [Chemistry . ] 

Likewise [THE Orientation] of [THE SURFACE OF THE SILICON] and 
therefore of I oxidize of [SILICON,] it is such that the 
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deposited layers can be considered perfectly plane until levels 
[Atomic . ] 

Once deposited all the previously mentioned layers are had 
[FOLLOWED] two methods for [to TRANSFORM] the aluminum layer in I 
oxidize of aluminum. The first one is to inject I oxygenate in 
the system of ultra high [I Empty,] what allows to control the 
level of oxidation of the one aluminum. And the second, more 
rudimentary but [EQUALLY] [FUNCTIONAL,] it is to leave the one 
exposed system to the I oxygenate atmospheric. 

[THE] [FOLLOWING] point is [to INDUCE] those [PINHOLES] in the 
layer of I oxidize of aluminum. For he/she dives it the sample in 
an electrolyte, habitually a breakup of sulfate of nickel. A 
voltage is applied among the layers drivers and an electrode 
submerged in the breakup. This way, if the defects exist in the 
layer of I oxidize of aluminum, the ions of [Nickel] migran to 
the places that occupy this defects and one takes place 
[ELECTRODEPOSICIoN] of [Nickel] in those places. You [it usually 
LIMITS THE] surface of I oxidize of aluminum exposed to the 
electrolyte so that it is possible to control the I number of 
defects (habitually one) . 

If this defects don't exist they can be induced [APPLYING] a 
voltage a little bigger than it forms that you [he/she TAKES 
PLACE] a permanent electric rupture. He/she repeats the process 
again previously described and the nickel is deposited. 

In occasions after the deposition of [Nickel] the electrolyte is 
changed by a breakup of copper sulfate to deposit copper now on 
the [Nickel] what prevents of the [Oxidation] of this I finish. 

In the figure 4 you can appreciate the results of the experiments 
[CARRIED OUT] in the one previously mentioned laboratory. In the 
figure (to) it is appreciated like a relaxation of the exists 
electric resistance of the sample as well as a dependence with 
the applied magnetic field. In the figure (b) the dependence is 
shown with the magnetic field after normalizing the data of the 
it figures (to) . 



CLAIMS 1 . He/she intends a method for [to CARRY OUT] sensors 
[ MAGNE TORE S I S T I VO S ] based on the ballistic magnetorresistencia 
characterized by the use of multicapas electric and magnetic 
drivers recovered by a layer of insulating material with 
intrinsic defects on those that magnetic conductive material is 
deposited . 

2. He/she intends a sensor based on the recovery 1 of application 
in heads of [READING-WRITING] in systems of [STORAGE] magnetic 3. 
A method based on the recovery 1 in the one that those 
[MULTICAPAS] it is a combination of layers non magnetic drivers, 



4 



magnetic drivers, magnetic, insulating ailantes not magnetic, 
magnetic or not magnetic semiconductors , or a combination of all 
the previous ones. 

4. A method based on the recoveries 1 and 3 in which the layer of 
insulating material has defects [Intrinsic] or induced. 

5. A method based on the recoveries 1, 3 and 4 in the one that 
the layer of insulating material you it substitutes for a 
material semiconductor . 

6. A method based on the recoveries 1, and recoveries from 3 to 5 
in the one that the defects in the semiconductor they are induced 
by means of the variation of the [Concentration] of the material 
dopante in the semiconductor. 

7 . A method based on the recoveries 1 and recoveries 3 at 6 in 
the one that the material deposited it is conductive, insulating, 
semiconductor, or a combination of these. 8. A method based on 
the recoveries 1 and recoveries 3 at 7 in the one that the 
deposited material is magnetic or not magnetic or a combination 
of the previous ones. 

9 . A method based on the recovery 1 and recoveries 1 at 8 in the 
one that the material deposited it is deposited by 
electrochemical methods . 

10. A method based on the recovery 1 and recoveries 3 at 8 in the 
one that the material deposited it is a particle or conglomerate 
of particles, magnetic or not magnetic, drivers, ailantes or 
[SEMICONDUCTORAS] or a combination of the previous ones. 

11. A method based on the recovery 1 and recoveries 3 at 1 0 in 
the one that the material deposited it is deposited by means of 
technical of evaporation of [METALS . ] 
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